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Abstract Mentougou District acts as a crucial compo-
nent in the ecological buffer in western Beijing
mountainous areas, Beijing, China. Using two Landsat
MSS/TM images acquired on July 14, 1979 and July 23,
2005, the vegetation coverage of Mentougou District
was calculated based on normalized difference vegeta-
tion index and spectral mixture analysis (NDVI-SMA)
model. Its temporal and spatial changes were analyzed
according to digital elevation model (DEM) image,
social and economic data. The results showed that the
vegetation coverage decreased from 76.4% in 1979 to
72.7% in 2005. Vegetation degradation was probably
the result of human disturbance, such as outspreading of
resident areas, and coal and stone mining activities,
while vegetation restoration might be contributed by the
combined effects of both natural processes and ecolog-
ical construction effort. Vegetation changes were closely
related to topographical characteristics. Plants at high
altitude were more stable and less degraded than the
plants at low altitude, while the plants on steep slope or
northwest aspect were more vulnerable to degradation.
During the period of 26 years, landscape appeared to
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become more fragmental, and ecological quality of the
land seemed deteriorated sharply in that highly-covered
vegetation area has been decreased by 24%.
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Introduction

Estimation of vegetation properties with remotely-
sensed imagery technology has become quite reliable
and successful. Many methods have been developed to
predict vegetation coverage information from multi-
spectral remote sensing images, and these methods
include vegetation indices (Choudhury et al. 1994;
Toby and David 1997, Boyd et al. 2002), multiple
regression (Graetz et al. 1988; Boyd et al. 2002; Peter
2002), classification decision tree (Hansen et al. 2002),
and spectral mixture analysis (SMA) (Pech et al. 1986;
Leprieur et al. 1994; Gutman and Ignatov 1998; Qi
et al. 2000; Xiao and Moody 2005).

Spectral mixture analysis can be used to estimate
sub-pixel canopy proportions from multi-spectral satel-
lite data. Good results have been achieved using models
with two, three, or four endmembers (Xiao and Moody
2005). Normalized difference vegetation index (NDVI)
in combination with SMA is the simplest model in the
linear mixing models, which assumes that the pixel is
only composed of vegetation and bare soil (Xiao and
Moody 2005). Based on NDVI-SMA model, Leprieur
et al. (1994) successfully monitored the vegetation
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coverage in Sahelian region from SPOT. Qi et al.
(2000) found that the remotely sensed vegetation
coverage information was still fairly reliable even
without atmospheric correction.

Multi-temporal satellite images were also adopted to
monitor vegetation coverage and its yearly or seasonal
variations (Qi et al. 2000; Vasconcelos et al. 2002;
Guerschman et al. 2003). However, few researchers
have linked temporal and spatial variations of vegeta-
tion coverage with terrain data, such as altitude, slope
and aspect. Because plant function types and their
variations under natural condition are determined by
topographical conditions at regional scale, it is difficult
to identify the driving force (human disturbance or
natural processes) of the vegetation variation, and
therefore almost impossible to make appropriate
ecological restoration decisions at pixel scale.

Mentougou District is located in the west of Beijing
city, and it plays a critical role as an ecologic buffer for
Beijing, which is often suffered from abominable
climate and environmental events. According to func-
tional orientation program for districts in Beijing,
Mentougou will serves as an ecological conservancy
district from a mining area in the west of Beijing.
Therefore, in the process of ecological restoration, it is
crucial to understand the status of vegetation coverage
and temporal and spatial variations in the mountainous
areas of western Beijing.

The aims of this study are: (1) to investigate the
vegetation coverage of Mentougou District using two
Landsat MSS/TM images, acquired on July 14, 1979
and July 23, 2005; (2) to analyze the characteristics of
vegetation variation with altitude, slope and aspect, and
to identify the key driving factors (natural processes or
human disturbance) of the vegetation variation at pixel
scale; (3) to provide recommendation for ecological
restoration in the construction of ecological wall in
western Beijing.

Study area and data

Study area

Mentougou District is located in the west of Beijing city
(115°25'-116°10" E, 39°48'—40°1'3 N). It lies in a

transitional land between North China Plain and
Mongolia Altiplano, where the topography is higher in
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the northwest and lower in the southeast. In the district,
98.5% of the area is mountainous area, leaving only
1.5% as plain land.

Mentougou District belongs to continental monsoon
climate with droughty and windy spring, sweltering
and rainy summer, cool and humid autumn, and cold
and dry winter. The climate in the west mountain is
quite different from that in the east plain. The average
annual temperature is 11.7°C in the east plain, and
10.2°C in the west mountain. Rainfall generally
decreases from east to west. Affected by the instability
of atmospheric circulation and sea wind, annual
rainfall varies from 900 to 400 mm. Figure 1 shows
the map of Mentougou and the study area.

Data acquisition

DEM data The DEM data with a spatial resolution of
30 m were converted from digital contours of Mentou-
gou District at scale of 1:10,000. The slope and aspect of
the district were calculated based on the DEM data,
which, along with slope and aspect data, clearly depicts
Mentougou’s topographical characteristics.

Image acquisition Two selected Landsat MSS/TM
images of Mentougou were acquired on July 14, 1979
and July 23, 2005, and both were cloud-free. Because
both images were acquired in the same month of July
with only 9 days apart, the vegetation growth and
coverage should be presumably comparable. Therefore,
these two images can be used to monitor the dynamic
changes of vegetation coverage in Mentougou district
spatially and temporally.

Precipitation According to the phenology of Beijing
area, vegetation cover reaches its peak, and stays in a
stable status through July. However, precipitation
affects the vegetation coverage, especially in dry years.
Considering the precipitation has its lag effect on
vegetation growth, the precipitation data between
January to July from 1979 to 2005 were analyzed.
The first semiannual precipitation rates were 170.2 mm
for the year of 1979 and 163.5 mm for the year of 2005.
The average value was about 150 mm. Therefore, the
vegetation coverage revealed by these two satellite
images can reflect the vegetation variation from 1979
to 2005, and the effect of precipitation on vegetation
growth in these two periods can be neglected.
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Fig. 1 Municipal villages and roads of Mentougou District

Satellite image preprocessing
Image geometric correction

Landsat TM image acquired on July 23, 2005 was
geometrically corrected based on the 1:10,000 digi-
tized raster map. The digitized raster map was set as
the base image, and there were about 50 ground
control points (GCPs) selected using Envi 4.2
software. The Landsat TM image was warped using
the third-degree polynomial model, and the Landsat
TM image was linearly re-sampled with a resolution
of 30 m. The geometric correction precision was
better than half pixel, with RMS errors of 9.9 m in
longitude direction and 10.8 m in latitude direction.

The Landsta MSS image acquired on July 23, 2005
was then geo-referenced to the Landsat TM image.
The geo-corrected Landsat TM image was set as the
base image, and there were about 100 uniformly
distributed GCPs selected using Envi 4.2 software.
The Landsat MSS image was warped using the
Delaunay Triangulation method (Delaunay triangula-
tion warping fits triangles to the irregularly spaced
GCPs and interpolates values to the output grid), and
the Landsat MSS image was linearly re-sampled with
a resolution of 30 m. The geometric correction
precision was better than one pixel, with RMS errors
of 23.5 m in longitude direction and 17.3 m in latitude
direction.

Mefitougou "
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Image radiometric calibration

Firstly, the empirical line (EL) calibration method
was employed for atmospheric correction for the
TM image on July 23, 2005, and the TM image
was then converted from digital number to reflec-
tance (Farrand et al. 1994). Secondly, the pseudo
invariant objects, such as water, bare soil, dam,
dense vegetation, were selected from the two Land-
sat TM/MSS images. Finally, the MSS image on July
14, 1979 was matched to the TM image on July 23,
2005 using the least square regression method, and
the MSS image was also converted from DN value to
reflectance.

Monitoring the vegetation coverage
using NDVI-SMA model

NDVI-SMA model

The assumption of NDVI-SMA is that NDVI value
of a given pixel is a linear combination of NDVI
values of green vegetation and bare soil, weighted
by their relative proportions. Qi et al. (2000) found
that NDVI-SMA was not sensitive to the image
radiometric correction, and could be employed to
estimate vegetation coverage even without atmospher-
ic correction.
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Assuming that a pixel signal consists of contribu-
tions from two components: soil and vegetation. if
fractional green vegetation cover is f; the fractional soil
cover should be 1—f;. Therefore, the resulting signal,
S, as observed by a remote sensor can be expressed as

S=fex S+ (1—1f) xS (1)

where Sy is the signal contribution from the green
vegetation component and S is from the soil
component.

Equation 1 is applicable to remotely sensed data in
the reflectance domain (Maas 1998) and spectral
vegetation index domain (Leprieur et al. 1994). When
applied with a spectral vegetation index such as
NDVI, Eq. 1 may be approximated into

NDVI = f; X NDVI,eq + (1 —f;) x NDVIii  (2)

which can be further re-formulated as

fo = (NDVI — NDVI;1) / (NDVIyeq — Scoit) (3)

where NDVI; is the NDVI value of a bare soil area,
and NDVI,, is the NDVI value of a pure vegetation
area.

When Eq. 3 is adopted to calculate the coverage of
Mentougou, NDVI; and NDVI,, must be set. Firstly,
NDVI data of the image was calculated, and the
histogram of NDVI data was derived. Secondly, NDVI
value that accounted for 1% pixel of the histogram was

set as NDVI;, and the NDVI value for 99% pixel was
set as NDVly,. Finally, the NDVIg,; and NDVly,
values were put into Eq. 3, and the coverage image was
calculated, where the pixels with negative value were
set as 0, and the pixels with values larger than 1 were
set as 1.

Validation of NDVI-SMA model

The validation experiment was carried out on June
30, 2006. Because it was difficult to find and
investigate the ground-truth plots for this rugged
area in Mentougou District, only 17 relatively
uniform and flat plots with different plant types
were selected. The coverage of each plot was
surveyed by visual estimation (Zhou et al. 1998),
and the remotely sensed coverage of each plot was
extracted from the coverage image in 2005 according
to its location determined by a global position system
(GPS). Table 1 lists the data of the 17 investigated
plots.

Figure 2 illustrates the statistical scatter plot of the
surveyed and remotely sensed coverage data. The
result indicate that the coverage from NDVI-SMA
model was significantly correlated to the values from
visual survey with a coefficient of 0.558 (R?) and a
RMSE of 0.12. Because of the low number of
ground-truth plots, it should be cautious to directly
apply the statistical model built from data in Table 1.

Table 1 The information of 17 ground-investigated plots for coverage

GPS no. Lat Long Surveyed coverage RS coverage Plant type

46 39.9841 116.0528 0.60 0.53 Shrubbery

52 40.0337 115.8493 0.30 0.37 Shrubbery

53 40.0200 115.8646 0.80 0.73 conifer and shrub
54 40.0210 115.8692 0.50 0.47 Shrubbery

55 40.0409 115.8588 0.60 0.59 Shrubbery

56 40.0648 115.8543 0.60 0.53 Shrubbery

HF1 40.0283 115.9941 0.50 0.63 Shrubbery

HF2 39.9291 116.0870 0.50 0.39 Conifer

HF3 39.9765 116.0671 0.70 0.65 Shrubbery

HF7 40.0089 115.9989 0.70 0.69 Shrubbery

HF8 40.0091 115.9926 0.70 0.65 Conifer and shrub
HF9 40.0041 115.9880 0.90 0.77 Arbor

HF10 40.0081 115.9393 0.50 0.62 Arbor and shrub
HF11 40.0049 115.9737 0.80 0.732 Arbor and shrub
HF13 40.0733 115.8569 0.40 0.58 Shrubbery

HF14 39.9832 116.0528 0.70 0.504 Shrubbery

HF12 40.0079 115.5198 1.00 0.97 Arbor
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Fig. 2 The relation between remotely-sensed coverage deter-
mined by sub-pixel model and the coverage by ground visual
estimation

In addition, the vegetation coverage can be mea-
sured by optical imaging method for the homogenous
flat forest area (Chen and Cihlar 1995). However, in
rugged area, the reliability is questionable for some
field survey methods in measuring the vegetation
coverage of forest (Curran and Williamson 1986;
Wilson et al. 1987; Zhou et al. 1998). Besides the
sample size issues outlined by Curran and Williamson
(1986), it was also argued that some field methods
could produce significantly inconsistent results, mak-
ing the subsequent processing of remotely sensed data
a less-meaningful effort. Wilson et al. (1987) summa-
rized the limitations and disadvantages of various field
techniques. For example, in rugged areas, it became
quite uncertain to examine and validate the remotely
sensed result based on field methods, including visual
estimation. Therefore, NDVI-SMA model appeared to
be reasonably reliable.

Changes of vegetation coverage of Mentougou

The vegetation coverage changes in Mentougou
district

In order to monitor the vegetation coverage using
Landsat MSS/TM images, the NDVI images were
calculated from the two images acquired on July 14,
1979 and July 23, 2005, and then the vegetation
coverage images of Mentougou were also calculated
based on NDVI-SMA model described as Eq. 3. The
coverage images were showed in Fig. 3. Obviously,
the coverage and landscape features had changed
greatly from 1979 to 2005. The ecological degrada-

tion was evident, the vegetation cover was decreased,
and the landscape became more fragmented than
before.

Table 2 shows the vegetation coverage of each
village of Mentougou district in 1979 as compared to
that in 2005. The result indicated evident vegetation
degradation in the period of 26 years, and that the
vegetation coverage of the district decreased from
76.4% in 1979 to 72.7% in 2005. There was
difference in vegetation degradation in these villages.
As a result of increasing residential area and sand/
stone disturbance, the vegetation degradation in
Yongding, Longquan, Tanzhesi was the most serious.

However, Junzhuang was the only village experi-
enced 5% increase in vegetation coverage, and this
was probably due to a great increase of orchard areas.
Junzhuang is the traditional area that produce Beijing
white pear, which is well known for its unique taste.
More than 300 ha pear orchard had been added into
the village in the last 20 years. The degradation of
vegetation area in four middle villages, Miaofeng-
shan, Wangping, Datai and Zhaitang, was mainly due
to human and industry activities, such as quarry and
mining. Furthermore, goaf and subsidence region
produced by mining activities was increased by
30 km? in the last 26 years in these four villages.
The degradation in two west villages, Yanchi and
Qingshui, was relatively insignificant, and the degra-
dation was due to the conjunct effect of human
disturbance and natural degradation, including soil
erosion and the decrease of annual rainfall in last
20 years.

In order to quantitatively analyze vegetation
degradation, the coverage image in 2005 was sub-
tracted by the image in 1979, and the degradation
image was calculated. According to the classification
standard for vegetation degradation shown in Table 3,
the vegetation degradation image was illustrated as
Fig. 4.

From Fig. 4, we found following observations. (1)
The vegetation coverage of Mentougou District was
relatively steady in general. About 82% of the whole
area had less than 15% variation in the coverage. (2)
The regions of vegetation degradation were mainly in
three southeastern villages, Yongding, Longquan,
Tanzhesi, mostly due to the outspreading of resident
areas and coal or stone mining industries. Among
them, the large degraded region in Miaofengshan due
to stone mining was particularly striking and signif-
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Fig. 3 The coverage images of Mentougou in 1979 and 2005
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Table 2 Vegetation coverage changes for different villages of Mentougou District

Village Area (km?) Coverage in 2005 (%) Coverage in 1979 (%) Change (%)
Yongding 39.1 23.54 38.10 14.56
Longquan 47.8 34.17 41.10 6.93
Tanzhesi 77.9 56.59 71.02 14.43
Junzhuang 343 60.57 56.82 -3.75
Miaofengshan 162.1 68.01 72.39 438
Wangping 24.1 74.15 79.55 5.4
Datai 81.0 77.67 81.85 4.18
Zhaitang 377.9 77.72 80.53 2.81
Yanchi 262.5 78.20 79.03 0.83
Qingshui 333.8 80.13 83.04 291
Average 72.74 76.42 3.68

icant. Finally, some degraded regions were the result of
agricultural and tourism activities along national
highway 109, and these regions included western
villages, Yanchi, Zhaitang and Qingshui. (3) Spatial
characteristics of the vegetation restoration region are
also noticeable from Fig. 4. Firstly, there were
ecological restoration belts along the national highway
109 in the eastern villages and along the Fengsa Road
in Yanchi village, indicating that the efforts of tree
plantation in those regions were effective. Secondly,
some ecological restoration segments appeared in
Junzhuang village due to rapid increase of orchard.
Finally, the construction of natural conservation in
Baihuashan had also achieved greatly. Because of
ecological trans-migrantion, the plants in the conserva-
tion were restored mainly by natural process.

Topographical features of vegetation change
in Mentougou district

Altitude, slope and aspect can directly or indirectly
reflect the spatial difference between natural resour-
ces, such as the frequency of artificial activities, light,
temperature, rainfall and soil erosion. Therefore, it is
common that the changes of vegetation coverage are
closely related to topographical conditions. In this
study, the vegetation coverage changes were correlat-

Table 3 Classification standard for vegetation degradation

ed with the altitude, slope and aspect to analyze the
driving factors of the changes.

Table 4 shows the relation between the vegetation
coverage changes and altitude. The results indicated a
relative stable vegetation coverage in high altitude,
and low probability of degradation and restoration. In
contrary, the vegetation degradation in low altitude
was more severe, and the probability of the vegetation
degradation and restoration was also relatively high.
These topographical characteristics agreed with the
fact that more serious human disturbance occurred in
low altitude (<400 m) rather than in high altitude.
Therefore, these results imply that the vegetation
coverage under natural state might be relatively
steady, and that the area with serious vegetation
degradation might be mainly the results of human
activities, such as development of residential build-
ings and industries of stone, ore and sand mining.

The statistical relation between vegetation cover-
age changes and slope suggested that plants were
much more vulnerable in the areas with high slope
(Table 5). The higher the slope, the lower the
probability of vegetation restoration. Interestingly,
although human activities are more likely to happen
in the area with low slope, the probabilities of
vegetation degradation and restoration are actually
much higher than the other areas. When the slope was

Serious Degradation Degradation Light Degradation Steady Light Restoration

(SD) (D) (LD)

Restoration Full Restoration
(S (LR) R) (FR)

Coverage >30% 15~30% 5~15%

difference

+5% —15~—5% —30~—15% <=30%
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Fig. 4 The vegetation degradation of Mentougou from 1979 to 2005

higher than 20°, the lower the slope, the greater the
probability of vegetation restoration. Unfortunately,
the probability of serious degradation (coverage was
decreased by more than 15%) increases with slope,
suggesting that the restoration of degraded vegetation
in areas with a high slope was more difficult. Natural
restoration process of the degraded vegetation in high
slope is normally lengthy, ineffective, and even
infeasible because the decrease of vegetation cover-
age at high slope area often results in severe soil

erosion and serious ecological disturbance for a long
time. Therefore, the limit ability of ecological
construction must be considered with soil erosion,
especially for the degraded region with high slope.
Aspect determines the natural environmental con-
dition such as illumination, and has profound influ-
ence on temperature and humidity. It is very important
to analyze the relationship between aspect and
vegetation degradation of Mentougou. In the study,
the aspect was averaged into 12 grades from 0-360°

Table 4 The relationship between vegetation degradation and DEM

The percentage of different degradation and restoration in the same altitude level (%)

Altitude(m) <200 200400 400-800 800-1200 1200-1600 >1600
SD 10.61 3.87 2.07 2.39 2.12 2.77
D 21.92 17.35 9.25 7.92 5.92 7.04
LD 19.16 24.46 26.19 30.50 31.32 13.00
S 20.17 26.93 43.49 43.81 54.07 63.52
LR 13.32 15.35 16.03 13.17 5.97 13.27
R 10.99 7.95 2.59 2.05 0.58 0.40
FR 3.83 4.09 0.38 0.16 0.03 0.00
Total 100 100 100 100 100 100
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Table 5 The relationship between vegetation degradation and slope

The percentage of different vegetation degradation and restoration at the same slope level (%)

Slope 6C 0-5 5-10 1020 20-30 30-40 40-50 >50

SD 9.61 4.41 2.51 1.84 2.12 2.87 5.39
D 17.45 11.75 9.07 7.58 9.27 15.65 23.02
LD 17.98 20.04 20.73 24.70 33.10 39.80 36.81
S 24.49 34.99 4221 46.82 44.17 34.61 26.25
LR 13.70 19.16 19.89 15.96 9.69 5.79 6.60
R 10.35 7.47 4.73 2.68 1.42 0.96 1.57
FR 6.42 2.18 0.86 0.41 0.22 0.31 0.37
Total 100 100 100 100 100 100 100

and denoted by A0O1-A12, where AO1, A12 was the
north slope (shady slope), A06, A07 was the south
slope (sunny slope), A03, A04 was the east slope, and
A09, A10 was the west slope. Table 6 illustrated the
statistical relation between vegetation coverage
changes and aspect data.

From Table 6, it can be concluded that vegetation
degradation in Mentougou District varies with aspect.

1. The vegetation coverage is relatively low in
sunny slopes, and high in the shady slopes.

The vegetation degradation is more serious at
northwest slopes than southeast slopes. Compared
with southeast slope, northwest monsoon in winter
and spring of Beijing can be quite harsh for plants
at northwest aspect. In addition, rainfall varies
greatly from east to west, with more rainfall in the
southeast than the northwest. Finally, the fierce
radiation in afternoon at the west slope increases
evaporation. Therefore, little precipitation and high

Table 6 The relationship between vegetation degradation and aspect

evaporation on the west slope result in little water
available for plant growth.

The probability of vegetation restoration is higher at
the southeast slope than that at the northwest slope,
indicating that the vegetation at northwest slope is
more vulnerable and less likely to be restored.

Changes of vegetation landscape in Mentougou
district

Vegetation landscape pattern is the product of long-
term conjunct action of human disturbance and
natural processes. Spatial configuration and composi-
tion of landscape elements play an important role in
ecological functionality and biological diversity.

The area of each patch comprises a landscape
mosaic, and can be perhaps the single most important
and useful piece of information of landscape. Not

Plain A0l A02 A03 A04 A05 A06 A07 A08 A09 Al0 All Al2
The coverage at each aspect level
Area (%) 2.14 7.79 8.87 8.43 9.07 9.52 8.07 7.34 7.94 7.28 7.68 8.00 7.87
Cov2005 (%) 36.9 74.8 74.9 75.3 72.3 71.5 72.6 73.1 72.7 73.5 73.6 73.6 73.3
Cov1979 (%) 38.7 78.8 77.4 76.9 74.1 73.3 74.7 76.5 77.2 78.8 79.7 79.9 78.8
The percentage of different vegetation degradation and restoration at the same aspect level (%)
SD 9.9 2.5 24 22 29 2.7 22 2.6 3.0 2.8 32 32 3.0
D 16.8 10.0 8.2 7.3 8.1 8.6 8.5 10.0 11.0 11.9 12.9 13.6 12.3
LD 16.3 29.0 232 20.4 20.4 20.9 227 25.7 29.2 332 35.7 36.6 34.1
S 22.4 42.8 46.8 48.1 45.4 437 44.0 42.7 41.2 38.8 36.3 34.8 37.1
LR 14.1 12.3 15.1 17.5 17.7 18.5 17.8 15.5 12.6 10.6 9.3 8.7 10.1
R 12.6 2.7 33 3.6 42 4.4 3.9 3.0 2.6 2.3 22 23 2.7
FR 7.9 0.7 1.0 1.0 1.2 1.2 0.8 0.4 0.5 0.4 0.5 0.7 0.7
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only is this information the basis for many of the
patches, classes, and landscape indices, but the patch
area itself has a great deal of ecological utility. For
example, there is considerable evidence that the
diversity of bird species (richness, occurrence and
abundance of some species) is strongly correlated
with patch size (Robbins et al. 1989). Most species
have minimum area requirements, the minimum area
needed to meet all life historical requirements.
Similarly, the size and number of patches comprising
a class or the entire landscape mosaic is perhaps the
most basic aspect of landscape pattern that can affect
myriad processes.

Therefore, six landscape indices, including patch
number, average patch area, mid, largest, and mini-
mum patch area, were calculated for each coverage
level in 1979 and 2005. The results were illustrated in
Table 7.

From Table 7, we summarize following conclusions.

1. Landscape fragmentation had increased sharply
over the period of 26 years. At each coverage
level, the landscape fragmentation in 1979 gener-
ally demonstrated fewer patches, larger average
patch size, longer average edge length, and lower
average edge density than those in 2005. How-
ever, in consideration of the different spatial
resolution of the two Landsat TM/MSS images,
the increase of the landscape fragmentation from
1979 to 2005 might be overstated.

2. The ecological quality of the landscape had
notably degraded. The landscape area in 1979

was smaller than that in 2005 for the four
landscape types with coverage smaller than 0.8.
However, for the landscape type with coverage
larger than 0.8, the landscape area in 1979 was
greater than that in 2005. Therefore, the land-
scape area for the full-coverage landscape type
was decreased by an average of 24% from 1979
to 2005, and the rapid reduction of full-covered
regions was even more significant if it is
compared with the average decrease of vegetation
coverage in Mentougou district.

Conclusions

The coverage of Mentougou District was calculated
based on NDVI-SMA model from the two satellite
images acquired on July 14, 1979 and July 23, 2005,
and the coverage was decreased from 76.4% in 1979
to 72.7% in 2005.

The temporal and spatial changes of vegetation
coverage were also linked to DEM data, social and
economical data. The vegetation changes were closely
related to topographical features. The vegetation
degradation in low altitude appeared to be more
serious than that in high altitude. The plants in steep
slope or northwest aspect were more vulnerable, and
their vegetation degradation was more severe than the
plants in flat slope or southeast aspect.

The vegetation landscape in Mentougou District
became more fragmental from 1979 to 2005, attested

Table 7 The landscape area of vegetation coverage in 1979 and 2005

Coverage and Year Landscape Patch Average  Largest ~ Minimal  Average  Edge
landscape type area number patch patch patch edge density
area index index length
0-0.2 Non coverage 1979 29,094,775 0.3727 576.3 291 99,982 1,340 2.70E-04
2005 48,690,793 0.6522 576.3 652 74,679 837 3.80E-04
0.2-0.4  Low coverage 1979 49,035,566 0.3155 576.3 1,038 47,240 926 6.60E—04
2005 49,779,388 0.3199 576.3 2,834 17,565 446 8.70E-04
0.4-0.6  Middling coverage 1979 1.12E+08 0.3290 576.3 1,742 64,211 1,036 1.20E-03
2005 1.38E+08 0.5093 576.3 4,822 28,631 563 1.90E-03
0.6-0.8  Higher coverage 1979  4.97E+08 0.6085 576.3 2,044 243,166 2,273 3.20E-03
2005 6.02E+08 0.7979 576.3 4,521 133,256 1,531 4.80E-03
0.8-1.0  Full coverage 1979  7.6E+08 0.3429 576.3 1,873 405,990 1,883 2.40E-03
2005 6.08E+08 0.3274 576.3 3,445 176,620 1,551 3.70E-03
0-1.0 Landscape 1979 1.45E+09 0.2090 576.3 6,988 207,132 1,621 7.80E-03
2005 1.45E+09 0.3321 576.3 16,274 88,942 1,032 1.20E-02

@ Springer



Environ Monit Assess (2009) 153:339-349

349

by sharply deteriorated ecological quality and 24%
decrease of highly-covered vegetation area. This rapid
reduction of full-covered regions was particular
concerned if it is compared with the average decrease
of vegetation coverage in Mentougou district.
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